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Abbreviations and Acronyms
PILA—Parque Internacional la Amistad
LC—La Cascada
ER—El Retoño
JE—Joint Entrance, the section of LC and ER that overlap forming a high-use area of the PILA
trail system
PV—Panama Verde

Executive Summary
National parks are created and used for a variety of purposes but are primarily important
for the conservation of natural resources and use by visitors. While park use is meant to be nondestructive, human interaction causes changes in ecosystems, leading to conflicts between these
goals. Here, I examine the causes of trail degradation and impacts on surrounding forests in
Parque Internacional la Amistad (PILA), Panama. This park is a world heritage site with the
primary goal of preserving some of the world’s most diverse ecosystems including rare and
endangered species. However, the park entrance in Las Nubes, Cerro Punta receives upwards of
2,000 visitors every year on three main trails, leading to a conflict between park goals.
I measured slope, width, incision, light penetration and other measures of disturbance on
these trails to address the causes of degradation. I did not find a clear effect of use, but did find
influences of trail slope and management on erosion and other measures of degradation. In
general, sites on less steep trails or with more intensive management, particularly gravel, had less
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erosion and more understory cover. La Cascada, the longest trail, was in very poor condition with
some areas incised as much at 50 cm, and while the other trails were in somewhat better
condition, all could use additional maintenance.
Construction of future trails should focus on low trail grade and use gravel and other
techniques to keep users on the trail and harden the tread. Current trails may also benefit from
additional substrate management and repair of planks and stairs, although management resources
are very limited, making these large-scale interventions difficult. Smaller scale, inexpensive
interventions such as improved visitor education about low-impact practices may slow trail
degradation rates.

Resumen Ejecutivo
Parques nacionales están protegidos por muchas razones diferentes pero hay dos objetivos
primarios en la mayoría de los parques: la conservación de los recursos naturalezas y la visitación
del público. Este uso público debe ser usado sin daño a los ecosistemas, pero en realidad todas las
interacciones entre el ser humano y la naturaleza resultan en cambios de los ecosistemas. Esta
realidad causa un conflicto entre las metas de conservación y recreación en parques. Aquí,
examiné las causas de degradación e impactos de senderos en las tierras altas de Panamá en el
Parque Internacional la Amistad (PILA). Este parque es un sitio de patrimonio mundial con la
meta primaria de protegiendo algunos de los ecosistemas más diversos del mundo incluyendo
especies raros y en peligros de extinción. No obstante, la entrada del parque en el pueblo Las
Nubes, Cerro Punta recibe más de 2,000 visitantes en cada año, amenazando las riquezas del
parque. Esta entrada tiene tres senderos principales para visitar diferentes partes del parque.
Yo medí el pendiente, el ancho, la erosión, la penetración de la luz y los otros medidos de
perturbación ecológica en estos senderos y determiné diferencias entre los senderos y
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correlaciones entre los variables para entender las causas de degradación. No encontré una
relación claro entre el número de visitantes y la degradación pero en contraste, hay influencias
del pendiente y el mantenimiento en la erosión y las otras medidas de la degradación.
Generalmente, los sitios con menos empeñado y más mantenimiento, particularmente con la
grava, tenían menos erosión y más cubierto del sotobosque. La Cascada, el sendero más largo,
estaba en una condición muy mala con algunas partes erosionadas a más de 50 centímetros, y
aunque los otros senderos estaban en condiciones un poco mejor todos puedan tener más
mantenimiento.
Construcción de los senderos en el futuro va a estar mejor si los senderos están en las
áreas planos y usarían la grava para endurecer el suelo. También es posible para improbar los
senderos existentes con más mantenimiento del suelo y reparación de pasos, aunque no hay
muchos recursos para mantener el parque. Es posible que proyectos de menor extensión como
mejorando la educación de visitantes sobre buenas prácticas en el parque puedan reducir la tasa
del degradación de los senderos.
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Introduction and literature review
National parks are promoted for a variety of economic, ecological and social reasons.
Parks promote local economic growth and sustainability through tourism and improve social and
educational goals by allowing people to spend time in nature. While these goals are visible and
important, many parks are established primarily to preserve ecosystems, ecosystem services and
endangered species. Managing parks to promote tourism and preservation simultaneously is
tremendously challenging as increasing levels of tourism and recreational use of parks can
degrade their ecological function. This in turn can have negative impacts on tourism and the
economic benefits of parks by making them less desirable for visitation by future tourists.
Therefore, park managers must balance the goal of open visitation with the need to trail
sustainability for the future.
Ecological change happens slowly and is often the result of many small changes
interacting to change an ecosystem over time, making it challenging to pinpoint causes of
degradation. However, when taken in sum, degradation of parks through visitation can represent
an important cause of damage to protected areas. Therefore, rigorous study of ecological changes
and damage to park facilities is needed to promote long-term sustainability of visitation in parks
and continued protection of natural resources. While balancing the dueling social goals of
preservation and visitation is a challenge that must be addressed by society more broadly,
scientific research can provide the background and data to support good management decisions
and sustain parks for the long term.
Here, I examine the environmental, management and use-related factors that affect trail
degradation in Parque Internacional la Amistad (PILA) in Las Nubes, Chiriquí, Panamá. Trail
impacts are among the most well-studied recreational impacts in parks and other protected areas
(Cole, Impacts of hiking and camping on soils and vegetation: a review; Leung and Marion), but
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inter-site differences prevent generalizations about trail impacts from being made in many cases,
so study of individual sites in necessary (Monz, Cole and Leung). Therefore, this project attempts
to create a series of evaluations of site impacts in PILA and generalize from these to future trail
design and management suggestions.

Parque Internacional la Amistad
Parque Internacional la Amistad is a binational park and World Heritage site that spans
the border between Costa Rica and Panama. It forms the backbone of both the Mesoamerican
Biological Corridor and the core of Amistad Biosphere Reserve, which also includes several
other national parks and buffer areas in both Panama and Costa Rica. The park was officially
declared in Panama in February 1988, and contains 207,000 hectares of protected area (Consorcio
Asociación Nacional para la Conservación de la Naturaleza Consultores Ecológicos Panameños,
S.A.). When founded, the park had seven major goals: (1) protecting biodiversity, (2) protecting
the hydroelectric potential of the Teribe and Changuinola rivers, (3) protecting soils from erosion,
(4) maintaining natural resources for economic development, (5) promoting scientific
investigation, (6) increasing nature tourism and (7) maintaining good international relationships
with Costa Rica (Consorcio Asociación Nacional para la Conservación de la Naturaleza
Consultores Ecológicos Panameños, S.A.).
While the majority of the park is inaccessible to general human use, particularly on the
Pacific side in Panama, a major park entrance is present in the small town of Las Nubes in Cerro
Punta, Chiriquí. This park entrance is the site of educational excursions and tourism, and is
visited by both Panamanian nationals and foreigners. In addition, it is the administrative office
for the PILA Pacific sector. In total, approximately 2500-3000 people hike trails in PILA through
Las Nubes each year (Personal communication, park rangers). Of these, about half are students,
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one quarter are Panamanian tourists and one quarter are foreign tourists, particularly those from
the United States and Germany (Personal communication, park rangers). As an upper limit, the
PILA management plan estimates that about 45,000 tourists visit the Cerro Punta area each year,
making them potential visitors to the park (Consorcio Asociación Nacional para la Conservación
de la Naturaleza Consultores Ecológicos Panameños, S.A.).

Figure 1. Map of trails at the PILA park entrance in Las Nubes, Chiriquí, Panama. Note that ER
and LC overlap at the beginning; this section has been designated JE. The highest elevation point
on La Cascada is marked with a star; this area is at 2,491 meters above sea level while the park
entrance station is at approximately 2,200 meters above sea level.
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Visitors arriving in Las Nubes can choose among several trails to hike if they wish
(Figure 1). These trails differ in history, location, environmental characteristics and use, making
them ideal for study of trail sustainability and degradation. The longest trail, La Cascada, is 3.2
km long and ascends from the park entrance at 2,200 m above sea level to a lookout 2,491 m
above sea level. From this lookout, it descends to 2,384 m above sea level to a large waterfall,
one major attraction in the park. This trail is highly degraded in some areas, and efforts to repair
stairs and other dangerous areas of the trail are underway. Another less challenging option is El
Retoño, a 2.4 km loop trail that remains at a fairly constant elevation of 2,300 m above sea level.
El Retoño and La Cascada are both relatively old trails that are maintained infrequently, roughly
every five years (Park rangers, personal communication). Finally, for those wishing to go on a
short trip into the forest, the relatively new (about 10 year old) trail called Panama Verde is
available. This trail is about 400 m long, has little change in elevation (about 2,200 m) and is in
fairly good condition (Figure 1).
The 2004 PILA management plan (Consorcio Asociación Nacional para la Conservación
de la Naturaleza Consultores Ecológicos Panameños, S.A.) used stakeholder and expert meetings
to elaborate on the many risks and damages to park health and integrity in meeting original goals.
While many focus on reducing illegal hunting and logging as well as supporting communities
that surround the park, one listed problem is trail deterioration and litter from park visitors. The
management plan lists the source of this problem as individual tourists and tourism group
operators; while this is correct to an extent I attempt to determine a range of underlying causes
for trail deterioration here. Better understanding of the mechanisms of trail degradation and
relationships between different trail-related factors may improve both current management
practices and planning for any new trails.
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The management plan also evaluates and provides recommendations for PILA using the
US Forest service’s visual management and spectrum of recreational opportunities systems.
These systems are designed to evaluate the recreational and ecological quality of various areas
within the park and determine best uses, including carrying capacities of trails. However, in the
management plan, carrying capacity was the only framework used for trail management and was
studied from a purely utilitarian perspective based on the amount of use that the park rangers
could tolerate rather than ecological changes or trail degradation, since very high numbers are
estimated for trail capacity to withstand erosion and other factors (eg 871 people/day on La
Cascada to avoid degradation, compared to a current rate of approximately 4 per day) (Consorcio
Asociación Nacional para la Conservación de la Naturaleza Consultores Ecológicos Panameños,
S.A.).

Carrying Capacity
Carrying capacity is the number of users that a trail can sustain without causing
degradation in trail conditions or other negative impacts over time, and carrying capacities have
been used to reduce recreation impacts in wild areas since the 1960s (Wagar). Carrying capacities
are commonly determined by studying the effects of use at different levels (100 users vs 1000
users) and then looking for a “tipping point” where change becomes inevitable or passes limits
for acceptable change. The concept of carrying capacity for wilderness areas was developed in
the United States, but while US parks now generally use other frameworks for reducing damage,
parks in developing countries, especially in Latin America, rely heavily on carrying capacity
(Farrell and Marion, Identifying and assessing ecotourism visitor impacts at eight protected areas
in Costa Rica and Belize). Here, I attempt to determine if a carrying capacity can be defined for
the trails in PILA based on ecological degradation.
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Carrying capacity has been used to successfully limit trail deterioration in several
instances, such as in Monteverde, Volcan Poas and Manuel Antonio parks in Costa Rica, but has
also been criticized as restrictive and put in place without clear evidence (Farrell and Marion, The
protected area visitor impact management (PAVIM) framework: A simplified process for making
management decisions). Alternate strategies for reducing direct visitor impacts such as littering
and trail braiding (creation of alternate paths around difficult or muddy trail sections that then
converge) include education and other measures to control visitor behavior, rather than
restrictions on the number of users that can visit each park. These strategies may be effective but
require more study, which is often challenging because user behavior is much more difficult to
measure than the raw number of users.
While these concerns are more practical than theoretical, it is also important to note that
the theory behind trail carrying capacity has also been criticized as assuming that ecological and
trail degradation will remain relatively constant until a tipping point where degradation will
increase very quickly. McCool and Lime (Tourism carrying capacity: Fantasy or useful reality?)
suggest that it is only possible to define carrying capacity when impacts are essentially an
exponential function based on use, and that this is only one of three possible relationships
between use and trail damage (Figure 2).
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Figure 2. (McCool and Lime) Potential responses of trail indicators or forest function to
increased use.

Finding a response similar to curve A would indicate that concentrated use is preferable,
while responses similar to curve C would indicate that establishing a carrying capacity for
maximum use of each trail to spread our use is more beneficial. Responses such as curve B do
not lend themselves to either concentrated or spread use but rather require changes in
management practices and establishment of acceptable damage levels. In fact, many studies have
found a relationship that is asymptotic (curve A, Figure 2), where beyond a certain point,
degradation increases minimally with additional use (Monz, Cole and Leung; Cole, Impacts of
hiking and camping on soils and vegetation: a review). In addition, it is possible that use does not
impact trail degradation, a fourth potential response curve.
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If use asymptotically increases degradation, determining a carrying capacity may be
counterproductive for trail management, since concentrating visitor use on one smaller area rather
than spreading use among many trails will decrease overall impacts on a site. Other studies have
found little to no impact of the number of users on trail damage and sustainability, arguing that
other factors such as trail maintenance, construction and location have a controlling effect (Olive
and Marion). Here, I attempt to determine the type of relationship between use and degradation in
PILA and use these results to suggest management strategies of concentrated or spread use in the
park.

Trail maintenance and sustainability
The role of recreation in protected areas is a long-standing debate, but this debate is
fundamentally social and ethical, rather than scientific. Scientific study can inform policymakers
about ecological and economic impacts that are occurring as a result of park visitation and trail
use, but any management plan must make explicit value judgments about the relative importance
of protecting intact ecosystems, sustaining trail conditions for the future and encouraging
visitation (Cole and Hammitt, Wilderness management dilemmas: Fertile ground for wilderness
management research). Balancing the need for societal and ethical judgments with the results of
scientific study is an ongoing challenge in recreation ecology and has resulted in the creation of
several theoretical frameworks for the creation of management plans (Cole and Hammitt; Farrell
and Marion, The protected area visitor impact management (PAVIM) framework: A simplified
process for making management decisions; Nilsen and Tayler).
Trails generally represent a small to negligible fraction of park area, but their study is still
extremely important for several reasons. First, trails are the area of a park that most visitors will
see. In order to maintain levels of tourism for economic, social and educational benefits, trails
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must be maintained with sufficient care to preserve user experiences. Second, degradation of
trails can create impacts that extend far off of trails through fragmentation of forests and changes
in community structure, such as changes associated with animal behavior. Finally, some trail
impacts, such as the introduction of exotic species by trail users, can spread off of trails and have
far-ranging impacts in other parts of protected areas.
Trail impacts can range from the minor and local, such as trash deposition, to the major
and widespread, such as invasive species introduction. Other studies have documented a large
number of impacts, the most common and well-studied of which are the effects of trampling on
vegetation (Cole, Vegetational changes associated with recreational use and fire suppression in
the eagle cap wilderness, oregon: some management implications; Cole, Impacts of hiking and
camping on soils and vegetation: a review). In addition, studies have found impacts on more
charismatic community components, such as animal communities (Taylor and Knight).
According to several studies, the most common and concerning impact of trail construction and
use is erosion (Cole, Impacts of hiking and camping on soils and vegetation: a review; Olive and
Marion). Erosion, damage to surrounding plants and other human impacts such as littering
negatively impact user experiences in protected areas, providing further rationale for their
prevention (Lynn and Brown). In sum, recreational impacts can cause serious damage to local
communities and poorly managed recreation is an important cause of decline in many areas.
However, recreational impacts on ecosystems can be dramatically reduced with good
management.
Assuming that some level of human use and impact will be tolerated, ecological studies
can provide some recommendations for minimizing impacts and improving management and
sustainability. However, ecological degradation is a complex issue involving many different
factors. When it comes to sustainable trail use, teasing out the effects of different management
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strategies, number and timing of visits to trails and user behavior can be nearly impossible
(Monz, Cole and Leung). Making some generalizations both within and between sites is possible
and can be highly useful for park planners and managers. Several general guides to best practices
for trail construction have been published, for example by the International Mountain Biking
Association (Marion and Wimpey). These guides can help trail managers and environmental
agencies to build trails that are resistant to damage and rehabilitate trails that have been damaged
in the past.
Recreational impacts on parks and specifically trail impacts have been studied primarily
in North America, Europe and Australia, although there have been some studies conducted in
Central and South America (Cole, Impacts of hiking and camping on soils and vegetation: a
review). With increasing numbers of national and international tourists visiting protected areas in
Panama, more data is needed to determine the causes and consequences of trail construction and
use. These data will allow ethical and management decisions to be made about the management
and use of current trails as well as the construction of new trails.
Determining the causes and consequences of trail degradation is challenging and highly
site-specific, with the relative balance of many factors depending on environmental, management
and use-based characteristics (Olive and Marion). These factors include user behavior, park
resources, climatic conditions, vegetation resistance and resilience and others that interact to
create complex changes in forest conditions. In this study, I attempt to tease apart some of these
factors and determine the controlling effects on trail maintenance and sustainability in PILA.

Research question and hypotheses
I.

What variables best determine the degradation of trails and other changes in forest
function (Table 1)?
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II.

What is the impact of increased visitation, hiking and other tourist activities on the
forest in PILA?

III.

Is it possible to develop a carrying capacity or other management plan for
sustainable trail management in PILA?

Table I. Predictions of effect of slope, number of users and management intensity on dependent
variables.
Increased use

Increased slope

Predicted effect on
Trail width

Positive

Positive

More intensive
managementA
Negative

Trail incision

Positive

Positive

Negative

Canopy openings

Positive

None

Negative

Understory cover

Negative

Negative

Positive

Leaf litter depth

Positive

Negative

None

Trash

Positive

None

None

Trail braiding

Positive

B

Negative

Broken branches
Positive
None
Negative
A: More intensive management refers to improvements to the substrate, such as stairs, wooden
boards or stepping stones.
B: User generated trails or trail branching to avoid wet areas is probably more likely in areas with
very little slope (and poor drainage) or areas with very high slope (and high erosion), so this is
not a straightforward correlation
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Methods and materials
Field methods
To determine the status of the trails in PILA, I established six transects at uniform
distances from each other on each of four trails within the park entrance at Las Nubes. These
trails included the three main trails described above (La Cascada, El Retoño and Panama Verde)
as well as a short (300m) joint entrance section shared by La Cascada and El Retoño (see Figure
1).
On each of these trails, I walked the entire length (or on La Cascada, from the base to the
lookout; designated with a star in Figure 1) at an even pace. I then divided the total amount of
time that the trail took into even segments and established transects at the start of each of these
segments. I measured the distance between a few of these segments on each trail to confirm that
they were evenly spaced and determined that while there was variation between the trails, the
transects were relatively evenly spaced (approx. 180 m on La Cascada; 150 m on El Retoño; 50
m on the Joint Entrance; 70 m on Panama Verde).
Between April 18 and April 27, I measured a number of variables on each of these
transects. First, I laid out a 25 m transect tape along the center of the trail beginning at each
marked point. Then I paced the transect three times to determine the substrate and look for any
exotic species (primarily Impatiens), trash, trail braiding and broken branches/twigs. I defined
trail substrate as the predominant cover present and classified each transect as soil, rock
(naturally occurring), gravel (small stones brought in), planks/bridges (relatively flat areas
covered by wood) or stairs. If trash was present, I counted the number of items visible while
slowly walking the transect (generally within about 1 m of the trail). I then measured any sections
that had trail braiding, or a splitting of the main tread to avoid a middle section. I conservatively
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defined this as any area with living plants in the middle of two cleared sides of a trail or area
where the trail split to avoid the middle.
After examining these transect-long variables, I split each transect up into 5-5 m segments
to take point measurements. In each 5 m segment, I determined the trail substrate (including
number of stairs, if present). I then took measurements of trail width (the perpendicular distance
in current use as a trail, based on lack of vegetation) and slope (angle in the center of the trail,
smoothed over approximately 20 cm). I also measured trail depth or maximum incision, the
height from the sides of the trail (edges of trail width) to the deepest point within the trail (or
center point if depth was relatively constant). I measured this as the vertical distance from the
ground to a rigid metallic measuring tape placed across the trail width. This closely replicates the
“maximum tread incision” method described in Jewel and Hammitt (Assessing soil erosion on
trails: a comparison of techniques) and is further described as the “maximum incision postconstruction (MIP)” method by Farrell and Marion (Trail impacts and trail impact management
related to visitation at Torres del Paine National Park, Chile 42)
After measuring basic trail structure, I determined leaf litter cover, understory cover and
canopy openness. For leaf litter cover, I inserted a flagging stake into the ground approximately 2
cm away from the edge of the trail on each side and counted the number of leaves present. For
understory cover, I used a 50 cm quadrat on each side of the trail and visually estimated the
percent of ground covered by understory plants (generally <1.5 m tall). Finally, I took a
hemispheric photo of the canopy from the trail using a digital camera with a hemispheric lens
attachment placed on a level surface in the center of the trail.
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Trail use
With the help of the park rangers in the PILA Pacific administrative seat at Las Nubes, I
gathered data on the number of users on each trail within the park. I created a sign-in sheet with a
brief description of my project in both English and Spanish and a request that each person
entering note the trail that they will be walking on. I collected this data for two weeks, from 13
April until 26 April, with a total of 138 visitors. This included Semana Santa and Easter
weekend, which likely had higher than normal visitation, although based on the total number I
think that it is likely that not all visitors were recorded on the sheets. I then obtained the yearly
visitation rate for the park from a park ranger. This yearly figure is likely a low estimate because
the park rangers are absent from the park 1-3 days each week and do not count visitors on those
days.

Trail maintenance
I informally discussed trail maintenance methods with the park rangers on duty on several
occasions. While this does not provide any clear data to analyze, it provided needed context on
the construction and upkeep of each trail. Both rangers have worked in the park for a long time,
and the one that I worked with most closely has been there for 20 years, so he knows the recent
history of management on all trails. I also participated in a trail maintenance project on La
Cascada to repair dangerous stairs leading to the waterfall and remove several dead trees that had
fallen over the trail. This observation provided further context on trail management practices.

Data analysis
I analyzed the hemispherical photos using GLA V2 (Frazer, Canham and Lertzman). In
this program, I examined the blue color frame of the photos in order to improve contrast between
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the color of the canopy and the sky. After extracting the blue color frame to improve color
contrast between the sky and the canopy, I set the threshold level to 150 or 200 (whichever
provided better resolution of canopy features and gaps) and analyzed the results to determine the
percent canopy openness at each site.
From the use data that I collected, I determined the average number of passes by a user on
each trail per 100 hikers in the park. On El Retoño and Panama Verde (both loop trails), I
calculated this simply as the recorded percentage of hikers that visited each trail during the
recorded time. For La Cascada, I multiplied the percentage of hikers by two to account for the
fact that each person must go up the trail and then return back down the trail. For the Joint
Entrance area, I added the number of passes per 100 users on El Retoño and La Cascada together,
since this section is used to access both trails. I then extrapolated these percentages to yearly
values based on the total yearly visitation rate in 2013 (the most recent year with data available)
from the park rangers.
I determined the normality of data in JMP and log-transformed percent canopy openings
and sine transformed trail incision to meet the assumptions of statistical tests. I performed
ANOVAs in Microsoft Excel on a number of variables (slope, width, incision, litter, understory
cover and canopy openings) using trail identity (PV, JE, LC, ER) and trail surface type (soil,
rock, gravel, planks, stairs) as independent variables. I also performed t-tests on these variables
comparing areas with natural substrates (soil and rock) to those with artificial substrates (gravel,
planks and stairs). I analyzed the effect of slope, width and trail incision on each other and all
other measured variables. I then broke down regressions for slope, width, trail incision, litter
depth, understory cover and canopy openings by trail to determine the response of each variable
within each trail.
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Results
Trail use
Average number of users per 100 passes ranged from 31 on Panama Verde to 94 on the
Joint Entrance (Figure 3; see appendix for figures and tables). This corresponds to roughly 8502500 passes per year on each trail. No variables were significantly correlated with the number of
passes per 100 visitors (P>0.10 in all cases). However, several variables showed trends in the
expected directions. Average width increased with use (p=0.35, r2=0.4255, Figure 4), as did
average percent canopy openings (p=0.21, r2=0.6292, Figure 5). The trend for average width
showed some similarity to an asymptotic trend, although this is difficult to determine with only
four data points.

Slope
Trail incision, number of stairs and length of braids were all significantly correlated with
slope when analyzed for all trails together. Incision was positively correlated with slope
(p<0.0001, r2=0.1574, Figure 6). Width, litter cover, understory cover and canopy openings were
not significantly correlated with slope (P>0.25, r2<0.05). Breaking this down further by trail,
however, led to slightly different results. Slope significantly affected width (Figure 7), litter
thickness, and understory cover (Figure 8) on Panama Verde, and trended to affect these
variables on the other trails (only trails with p<0.1 and r2>0.1 for the given correlation are shown
in figures). In addition, there was a trend to fewer canopy openings with increased slope on El
Retoño (Figure 9). Trail incision increased significantly with on the joint entrance with the same
trend on El Retoño (Figure 10).
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Management strategies
Trail sections with artificial substrates had significantly less trail incision and more
understory cover than those with natural substrates (Table II). In addition, while there was not a
significant difference between the length of trail braids on natural and artificial substrates, trail
braids occurred only on natural substrates.
Parsing these results into smaller substrate categories of soil, rock, gravel, planks and
stairs provided some further descriptive value (Table III). Trail width, slope and canopy openings
differed significantly among substrates (p<0.05), and maximum incision and understory cover
had marginally significant differences among substrates (0.05 < p < 0.06). Width was highest in
rocky areas and much lower in all other categories (Figure 11). Maximum incision was also
highest in rocky areas but had high variability (Figure 12). Slope was unsurprisingly highest in
areas with stairs, and also appeared to be higher in rocky areas than areas with soil, gravel or
planks (Figure 13). Understory cover was highest in areas with gravel (Figure 14). Canopy
openings were highest with gravel and lowest with planks and steps (Figure 15).

Differences among trails
Differences among trails lead to significant variation in trail width, maximum incision,
slope, and canopy openings, and marginally significant variation for understory cover (Table IV).
La Cascada was widest (137 ± 10 cm (µ±SE)), the joint entrance and El Retoño were in the
middle (126 ± 10 cm, 100 ± 10 cm; respectively) and Panama Verde was the most narrow (66 ± 4
cm; Figure 16). La Cascada also had the most trail incision; incision there was more than double
that on other trails (Figure 17). Slope was highest on La Cascada (11.3 ± 1.1°), but was also high
on the joint entrance (9.1 ± 0.8°) and Panama Verde (9.4 ± 1.1°), and relatively low on El Retoño
(6.8 ± 1.1°; Figure 18). Canopy openings were 12-14% of canopy area on La Cascada and the
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joint entrance and only 7-9% on Panama Verde and El Retoño (Figure 19). Trail braids were only
present on La Cascada and El Retoño, and there were many more trail braids per meter on La
Cascada (Figure 20).

Other factors and relationships
Trail width was positively correlated with litter thickness on Panama Verde (p=0.0021,
r2=0.2910, slope=0.027). It was also negatively correlated with understory cover on Panama
Verde (p<0.0001, r2=0.4418, slope=-0.6798) and the joint entrance (p=0.0042, r2=0.2577, slope=0.15; Figure 21), and positively correlated with percent canopy openings on Panama Verde and
the joint entrance, with a trend for the same on La Cascada (Figure 22).
Trash presence was relatively low (only seven recorded instances) and occurred evenly
across all trails. I did not detect the presence of Impatiens on any transects. Therefore, I did not
conduct any further analyses on these two variables.

Discussion
Trail conditions
Trail conditions in the park, particularly on La Cascada, were highly degraded. Median
trail incision (a measure used in other studies as a marker for erosion) was 15.3 cm on La
Cascada and the maximum trail incision that I measured was 51 cm. Other sites on the trail had
even greater incision. In the published literature, I have found no descriptions of trails with this
much incision. Other studies that used similar measures found highest incisions between 35 and
40 cm, with median incision levels almost always less than 10 cm (Farrell and Marion, Trail
impacts and trail impact management related to visitation at Torres del Paine National Park,
Chile; Farrell and Marion, Identifying and assessing ecotourism visitor impacts at eight protected
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areas in Costa Rica and Belize). In addition, ratings for La Cascada in Jewell and Hammitt´s
(Assessing soil erosion on trails: a comparison of techniques) “condition class scale” would be 5
(highly eroded) for nearly all of La Cascada, and all trails in the park would rate at least a 3
(vegetation cover lost and bare soil exposed). While these techniques may be imprecise at times
and definitions may differ among studies, it is clear that La Cascada in particular is very highly
degraded and that efforts to reverse and ameliorate trail degradation in PILA are needed to
preserve the trails for future use and prevent additional damage.
All trails were impacted to some extent by construction and use, but these impacts
manifested in different ways resulting in significant variation among trails for many variables,
including trail width, incision, slope, and percent canopy openings. Differences were clearly
driven by a variety of factors; while trail incision and slope were both highest on La Cascada
(Figure 17, Figure 18), incision varied much more than slope indicating that this was not the only
cause. Canopy openings and width were both higher on La Cascada and the joint entrance (Figure
16, Figure 19) and lower on the other trails, indicating that these variables may be correlated or
driven by the same factors (such as use levels). These significant differences among trails
indicate that the sum of factors driving trail degradation must vary among these sites.
While I did not note the presence of Impatiens on any trails, invasive species are a
growing concern in tropical areas and continued monitoring for the introduction or spread of new
species is important. Further surveys focused on invasive species monitoring may be more
appropriate since low densities at this time make it difficult to include the impacts of exotic
species with other work.
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Causes of degradation
Determining the causes of the degradation of La Cascada and other park trails is a
complicated matter given the large number of potential causes and effects within the forest. Trail
slope appeared to be a driver of incision and potentially of width, which have further implications
for light penetration, understory cover and litter cover. Each of these variables cannot describe
the state of the trail individually, rather, the combination of multiple effects on each trail is
significant. While the results are somewhat ambiguous, it appears that constructing trails with
lower slopes and more maintenance would improve trail conditions.
Slope was predictive of depth across trails (Figure 6) and particularly on the joint entrance
and El Retoño (Figure 10). Since erosion is one of the most concerning elements of trail
degradation, impacting both natural resources (Olive and Marion) and user experiences (Lynn
and Brown), this finding represents an important insight into the causes of trail degradation.
Some other studies have found that slope was significantly predictive of erosion, but others have
found that variables such as trail angle with respect to the landform slope were more relevant,
since slope alone does not describe potential water velocities on trails or the ease of water
escaping from treads (Olive and Marion).
Canopy openings, an indicator of the presence of light and disturbance to the wider forest,
were most impacted by trail width (Figure 22). Qualitatively, canopy openings resulting from
trails had a different appearance than those on trails that did not open up the canopy as much;
photos from the joint entrance and some areas on La Cascada and El Retoño show clear linear
openings in the canopy that are not present on narrower trail segments.
Several other variables were also significantly correlated, hinting at other mechanisms of
change or relationships. For example, understory cover increased with slope on Panama Verde
and La Cascada (Figure 8). This could be due to covariance between slope and width, or could
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indicate other relationships such as differential resistance or resilience of vegetation types to
trampling, a phenomenon that has been reported in several other papers (Hill and Pickering). This
relationship could also indicate differences in soil properties, such as resistance to compaction,
one effect of trampling along trails (Weaver and Dale). Understory cover also decreased with
width on Panama Verde and the joint entrance (Figure 21). This relationship could indicate that
as trails increase in width their effects on the surrounding forest community also increase. It
could also be related to use; previous studies have found that trail width approximately doubles
with each order of magnitude increase in use (Dale and Weaver).

Carrying Capacity
Since there were no significant correlations or repeatable patterns between variables with
changes in use, it is impossible to establish a clear carrying capacity for the trails. Several other
studies have found no relationship between use levels and trail degradation. This indicates that
other factors, such as trail design, management and location play a larger role in determining trail
degradation and impacts than the number of users on each trail.
However, several papers using controlled conditions have found significant impacts of use
levels (Dale and Weaver; Cole and Bayfield, Recreational trampling of vegetation: standard
experimental procedures). In addition, studies that were able to model the impacts of multiple
variables found that use, while not the most important predictor of trail condition, played a role
(Olive and Marion). Since my sample size here is limited and the trails differ in use,
environmental and management conditions, I am unable to control for these other variables. It is
possible that a more intensive study could isolate some impact of use, but some limitations are
inherent in the site and must be accepted given inter-site variability. In addition, it is likely that
use behavior is similar among trails, but increased visitor education could improve user behavior
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and decrease the rate of trail degradation without restricting the number of visitors (Farrell and
Marion, Identifying and assessing ecotourism visitor impacts at eight protected areas in Costa
Rica and Belize).
The lack of clear impacts of the number of users on trails implies that management
frameworks other than carrying capacity may be better suited to address trail degradation and
long-term sustainability. These frameworks include the Limits of Acceptable Change framework
from the US Forest Service, the Visitor Experience and Resource Protection framework used by
the US Park Service, the Visitor Impacts Management framework from the US National Parks
and Conservation Association and the Protected Area Visitor Impact Management Framework
(Farrell and Marion, The protected area visitor impact management (PAVIM) framework: A
simplified process for making management decisions; Nilsen and Tayler). However, one criticism
of the majority of these frameworks is that they are often difficult and expensive to implement,
requiring large amounts of study and additional staff time (Farrell and Marion, The protected area
visitor impact management (PAVIM) framework: A simplified process for making management
decisions). Therefore, they are more appropriate for highly funded and visited protected areas. A
focus on better design of future trails based on published literature and managing user behavior
may be more appropriate in PILA.
Visitor behavior is an important factor in trail degradation since some of the worst
impacts on trails such as trail braiding, excessive width and informal trail creation happen when
visitors use trails in inappropriate ways. While there are some efforts to control or advise visitor
behavior in PILA, such as signs asking people not to throw trash in the woods, more could be
done to educate people about sustainable trail use. Other papers have suggested interventions
such as those promoted by the Leave No Trace organization, such as walking single-file in the
center of trails rather than avoiding the center, even if muddy, and avoiding loud noises while
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walking in the woods (Farrell and Marion, Identifying and assessing ecotourism visitor impacts at
eight protected areas in Costa Rica and Belize; Leave No Trace Center for Outdoor Ethics).
Providing clear signage explaining these behavioral modifications in Spanish and English could
decrease user impacts without restricting the number of people in the park.

Management implications and suggestions
The major factors in trail degradation, particularly erosion and increased canopy
openings, appear to be based on the design and management of trails. One factor that I was
unable to rigorously consider here is the history of trail use; La Cascada and El Retoño are
significantly older than the other trails, and therefore have had more time to experience erosion.
However, based on the path of the trails, my results and the literature, it is clear that La Cascada
in particular is not well designed to resist erosion; this may explain why it is in much worse
condition than El Retoño even though it is approximately the same age and does not receive
many more visitors. While erosion does not have direct effects on the surrounding forest, it is
often cited as the most important problem to address in trail degradation because degraded soils
cannot naturally regenerate (Jewell and Hammitt). In addition, erosion can cause significant
problems in the rivers and streams through increased sedimentation and negatively impact user
experiences, potentially damaging the economic and social sustainability of tourism in parks
(Lynn and Brown).
Other studies of similar areas have provided a range of management suggestions for
reducing erosion and other impacts, generally involving increased maintenance. One major
problem for this is limited funding and staff availability; the PILA park entrance at Las Nubes
generally has only one park ranger on duty at a time, dramatically limiting the amount of trail
work that can be done.
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One of the first studies of trail degradation in the tropics occurred in Costa Rica very close
to PILA and the border with Costa Rica; this study recommended a network of rapidly opening
and closing trails that would allow natural recovery in the moist climate (Boucher, Aviles and
Chepote). However, while the study site here has similar vegetation and climate characteristics,
the highly eroded and damaged nature of trails would likely limit natural recovery if they were
abandoned. In addition, a quickly opening and closing network of trails would be difficult to
enforce and maintain with limited staff, and would be challenging to create given specific
destinations (eg the waterfall at the end of La Cascada). However, in areas with better funding
and the ability to develop new management plans before the construction of trails, this may be a
helpful (if novel) recommendation.
One feature of some trails at the park that seemed highly effective was the application of
gravel. Trails with gravel generally had low width and depth as well as high understory cover
(Figure 11, Figure 12, Figure 14). However, they also had a large percentage of canopy openings,
potentially reflecting increased use or maintenance (Figure 15). Gravel substrate is long-lasting,
so this may be a strategy for trail maintenance with a high return for relatively low effort put in
over the long term.
Other studies have found that trail design is the controlling factor in sustainable trail
management and that trails can be adequately maintained without deterioration or significant
negative impacts on the surrounding areas if they are designed to be resistant to damage (Cole,
Impacts of hiking and camping on soils and vegetation: a review; Leung and Marion; Monz, Cole
and Leung). This could include “side-hill” designs, where trails do not ascend directly up slopes
but rather utilize switchbacks with low slopes, locating trails in areas that are resistant to damage
and creating and maintaining adequate substrate hardening and protection. El Retoño and Panama
Verde both feature side-hill construction throughout the trail, while La Cascada ascends directly
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uphill in many areas, potentially explaining some of the differences among the trails. In addition,
while I did not find impacts of artificial substrates on all variables, I did find that segments
dominated by artificial substrates had significantly less trail incision and more surrounding
understory cover, important indicators of erosion and impacts on the surrounding forest. Gravel
substrates seemed particularly helpful, even though gravel was last added to the trails about ten
years ago (compared to other trail maintenance, such as of stairs, about five years ago; personal
communication, park rangers). This may indicate that additional substrate improvement would
decrease further damage to trails and improve user experiences. However, installing these
substrates requires significant time and funding, two resources which are very limited in the park.

Conclusions
Parque Internacional la Amistad is currently a site of both preservation of natural
resources and tourism, two of the park’s goals. Continuing use of the park entrance at Las Nubes
for the long term with increased numbers of tourists may have social and economic benefits, as
well as improving environmental education. However, more attention must be paid to
maintaining the health of the park’s trails if these goals are to be met, since the trails are highly
degraded, decreasing user experience and causing direct damage such as erosion and loss of
forest understory cover and canopy integrity.
La Cascada was in very poor condition in many areas, and while the other trails were not
as degraded, they still had a number of problems such as broken stairs and bridges, incised areas
and muddy trail centers. These problems are best corrected before additional damage occurs.
However, with limited park resources, conducting additional maintenance may be extremely
difficult.
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Substrate type and slope significantly affected trail damage and degradation; these factors
should be taken into consideration when building new trails or conducting trail maintenance. Use
of gravel appears to be particularly helpful and gravel substrates are fairly long lasting. Side-hill
construction and low-slope trails were also less degraded than steep trails. Use levels did not
significantly affect any variables, although there was some indication of an asymptotic trend to
increased width on trails with more visitation. Based on these results, I do not recommend the
implementation of a carrying capacity or limiting visits to particular trails, although user
education may be useful to halt further degradation.
In addition to these recommendations, I found several interesting correlations between
degradation-related variables that warrant further study to determine the root causes and
relationships between different impacts of trails on forests. For example, wider trail segments had
decreased understory cover, while sites that were steeper had increased understory cover. While
these results do not lead to immediate, clear management suggestions, they add to a base of
scientific knowledge about effects of human use on park resources.
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Appendices
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Figure 3. Number of people walking on each trail per 100 park visitors. Numbers do not add up
to 100 because for every visitor on LC there are two passes on the trail (up and down) and JE is
the sum of hikers on ER and LC.
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Figure 4. There was a slight trend to increased width with increased visitation on trails (p=0.35,
r2=0.4255, slope=0.76)
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Figure 5. There was a trend to increased average percentage of canopy openings on trails with
higher visitation rates (p=0.21, r2=0.6292, slope=0.0829)
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Figure 6. When compared across all trails, steeper 5 m segments were more incised (p<0.0001,
r2=0.1574, slope=0.7044).
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Figure 7. Width increased with slope on the joint entrance (p=0.0647, r2=0.1167, slope=4.18),
but decreased with slope on Panama Verde (p=0.0200, r2=0.1785, slope= -1.51)
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Figure 8. Understory cover increased with slope on Panama Verde (p=0.0239, r2=0.1692,
slope=1.50) and trended to increase on La Cascada (p=0.0650, r2=0.1164, slope=0.95).
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Figure 9. Percent canopy openings (log transformed) decreased with slope on El Retoño
(p=0.0829, r2=0.1131, slope= -0.011).
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Figure 10. Depth increased with slope on El Retoño (p=0.0849, r2=0.2526, slope=0.2269) and
the joint entrance (p=0.0124, r2=0.3913, slope=0.6604); data were analyzed with a sine
transformation to normalize.
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Figure 11. Difference in trail width in segments varied significantly between substrates
(F4,115=13.63, p<0.0001).
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Figure 12. Difference in maximum trail incision in segments with different substrates
(F4,113=2.44, p=0.0507).
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Figure 13. Differences in slope in segments with different substrates (F4,115=14.06, p<0.0001).
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Figure 14. Differences in average understory cover in segments with different substrates
(F4,115=2.43, p=0.0515).
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Figure 15. Differences in percent canopy openings between segments with different substrates
(F4,113=3.33, p=0.0128).
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Figure 16. Differences in trail width among trails (F3,116=13.15, p<0.0001).
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Figure 17. Differences in incision among trails (F3,108=29.43, p<0.0001).
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Figure 18. Differences in slope among trails (F3,116=3.16, p=0.0272).
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Figure 19. Differences in percentage of canopy openings among trails (F3,116=2.40, p=0.0712).
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Figure 20. Differences in length of trail braids among trails (F3,116=4.73, p=0.0038).
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Figure 21. Percent understory cover decreased with increasing width on Panama Verde
(p<0.0001, r2=0.4418, slope=-0.6798) and the joint entrance (p=0.0042, r2=0.2577, slope=-0.15).
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Figure 22. Log-transformed percent canopy openings (light penetration) increased with width on
Panama Verde (p=0.0153, r2=0.1989, slope=0.0034) and on the joint entrance (p=0.0367,
r2=0.1517, slope=0.0017)

Tables
Table II. Results of one-way T-tests for differences between natural and artificial trail substrates
Artificial substrate
(µ±SE)
99.8 ± 7.78

p-value

Trail width (cm)

Natural substrate
(µ±SE)
108.6 ± 6.06

Maximum incision (cm)

7.6 ± 1.07

3.5 ± 1.00

0.0184

Slope (°)

8.7 ± 0.55

10.4 ± 1.27

0.0658

Litter depth (# leaves)

1.3 ± 0.11

1.0 ± 0.14

0.0910

Understory cover (%)

69.5 ± 1.94

75.6 ± 2.94

0.0480

Canopy gaps (%)

10.0 ± 0.54

10.8 ± 0.98

0.2147

Trail braids (m)

0.1 ± 0.06

0±0

0.0732

0.1822
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Table III. ANOVA results for differences among substrates.
Variable

F

df

p

Trail width

13.63

4, 115

<0.0001

Maximum incision

2.44

4, 113

0.0507

Slope

14.06

4, 115

<0.0001

Litter depth

0.71

4, 115

0.5887

Understory cover

2.43

4, 115

0.0515

Canopy gaps

3.33

4, 113

0.0128

Table IV. ANOVA results for differences among trails.
Variable

F

df

p

Trail width

13.15

3, 116

<0.0001

Maximum incision

29.43

3, 108

<0.0001

Slope

3.16

3, 116

0.0272

Litter depth

0.97

3, 116

0.4109

Understory cover

2.40

3, 116

0.0712

Canopy gaps

11.77

3, 114

<0.0001

